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s u m m a r y
Oral cancer is a public health problem with high prevalence in the population. Local tumor control is best
achieved by complete surgical resection with adequate margins. A disease-free surgical margin correlates
with a lower rate of local recurrence and a higher rate of disease-free survival. Fluorescence spectroscopy
is a noninvasive diagnostic tool that can aid in real-time cancer detection. The technique, which evaluates
the biochemical composition and structure of tissue ﬂuorescence, is relatively simple, fast and, accurate.
Objectives: This study aimed to compare oral squamous cell carcinoma lesions to surgical margins and
the mucosa of healthy volunteers by ﬂuorescence spectroscopy.
Materials and methods: The sample consisted of 56 individuals, 28 with oral squamous cell carcinoma and
28 healthy volunteers with normal oral mucosa. Thirty six cases (64.3%) were male and the mean age was
60.9 years old. The spectra were classiﬁed and compared to histopathology to determine ﬂuorescence
efﬁciency for diagnostic discrimination of tumors.
Results: In the analysis of the other cases we observed discrimination between normal mucosa, injury
and margins. At two-year follow up, three individuals had local recurrence, and in two cases investigation
ﬂuorescence in the corresponding area showed qualitative differences in spectra between the recurrence
area and the area without recurrence at the same anatomical site in the same patient.
Conclusion: In situ analysis of oral mucosa showed the potential of ﬂuorescence spectroscopy as a diag-
nostic tool that can aid in discrimination of altered mucosa and normal mucosa.
 2014 Elsevier Ltd. All rights reserved.
Introduction
The options for curative treatment of oral cavity squamous cell
carcinoma have not changed signiﬁcantly in the last decades [1],
and include surgery, radiation therapy, chemotherapy, or combina-
tions of these modalities [2]. The choice of treatment depends
mainly on the site and size of the primary lesion, in addition to
the patient’s age and general health [3]. Local tumor control is best
achieved by complete surgical resection with adequate margins
[4]. Moreover, several studies have shown the signiﬁcance of
positive surgical margins [5]. The clear margins status during
resection is an important predictor to reduce the risk of local recur-
rence and a higher rate of survival [6,7]. Some conﬂicting results
may have been due to lack of standardization of the acceptable
margin distance and different clinical discrimination betweenmar-
gins containing small alterations or dysplasia or carcinoma in situ
[7]. A better standardization is important because the rate of
ﬁve-year overall survival of oral squamous cell carcinoma (OSCC)
ranges from 50% to 60% [7,8].
Intraoperative frozen-section pathology evaluation of surgical
margins in head and neck cancer resection is a common procedure
that involves a close interaction between the operating room
and pathologist [9]. The procedure is performed at localized
selected areas and the speciﬁc margins reported by the surgeon
are considered. However, in addition to its high cost and the entire
margin extension is not evaluated [10].
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Fluorescence spectra superﬁcially collected differ depending on
the excitation wavelength, investigated oral site, biochemical com-
position, and tissue architecture. The excitation wavelength affects
the ﬁnal ﬂuorescence spectrum, as various endogenous ﬂuoro-
phores may be excited. The oral mucosa presents distinct struc-
tural characteristics according to the anatomic sites investigated.
More keratinized areas, as gingival and hard palate, show distinct
ﬂuorescence spectra when compared to buccal mucosa and inner
lower lip, for example. Also, the tongue shows different ﬂuores-
cence patterns depending on its interrogated site, lateral border,
ventral or dorsum. Indeed, the use of optical techniques for analy-
sis of biological tissues has shown good results in the diagnosis and
evaluation of cellular changes by anatomical sites [11–13]. Addi-
tionally, optical tools are fast, accurate, and noninvasive proce-
dures [14]. Using ﬂuorescence spectroscopy, we compared OSCC
lesions to surgical margins and the mucosa of healthy volunteers,
with the aim to investigate whether the optical technique could
provide information similar to that obtained with the pathologist
report and being a diagnostic aid in situ.
Materials and methods
A total of 56 subjects were enrolled in the study, 20 (35.7%) wo-
men and 36 (64.3%) men. The average age was 60.9 years old
(range 34–82); the average age of women was 62.8 years old and
that of men was 59.9 years. Seventeen subjects (60.7%) were smok-
ers and 19 (67.8%) reported either chronic or social alcohol
consumption.
All subjects were interviewed and ﬁlled in a standardized
anamnesis form regarding habits associated with the risk of oral
cancer (tobacco and alcohol) and family history. A clinical exami-
nation was performed and participants signed an informed consent
form (Table 1).
Twenty-eight healthy volunteers with normal oral mucosa and
no signs of airway and upper digestive tract tumors and 28
patients with OSCC at various stages of development were investi-
gated. The patients with OSCC underwent surgery under general
anesthesia and had at least one safety margin area in the same oral
site of the tumor. They were approached in cancer prevention cam-
paigns that occur at the hospital AC Camargo Cancer Center (see
Tables 2–4).
Patients were identiﬁed by a numerical code and underwent
biopsy of the oral cavity with histopathology diagnosis, which is
considered the gold standard for diagnosis of OSCC. Qualitative
ﬂuorescence patterns were determined to identify potential spec-
troscopic signatures for each mucosal class evaluated: OSCC (B),
margin (M), and normal mucosa (N). The spectra were mathemat-
ically processed using different multivariate analysis as principal
component analysis (PCA), K-nearest neighbor (KNN), and intra-
spectral analysis using emission ratio at speciﬁc spectral regions
to, whenever possible, deﬁne discrimination algorithms to estab-
lish the difference from normal versus carcinoma.
In healthy volunteers, ﬂuorescence examination was performed
in the same anatomical sites of the cancer of the case correspond-
ing and a cytology sample was collected taken from these areas. In
individuals with cancer of the oral cavity, site interrogation was
performed in the operating room at the hospital AC Camargo Can-
cer Center, in São Paulo, Brazil. Surgical margins were deﬁned by
the head and neck surgeon after induction of general anesthesia
with in minimum 10 mm of the distance of the limit of the lesion.
A homemade ﬂuorescence spectroscopy system composed of
excitation light, investigation probe, portable USB 2000 spectro-
photometer (Ocean Optics, USA), and laptop computer was assem-
bled and a solid-state laser diode emitting at 406 nm was
employed, at a maximum emission of 8 mWA Y-type probe (Ocean
Optics, USA) with one end connected to the laser and the other to
the spectrophotometer was used. Two optical ﬁbers of 600 lm
diameter were positioned side by side, one to conduct the excita-
tion light and the other to collect the re-emitted light from the tis-
sue. The collection ﬁber is connected to the spectrometer, and a
longpass ﬁlter at 420 nm is placed to reject the excitation light.
The interrogation area diameter of the metallic probe is of
1.6 mm and the overall diameter in contact with the tissue surface
was 3.2 mm. The ﬂuorescence measurements are collected and
recorded using the spectrometer manufacturer’s software
(OOIBase32, Ocean Optics, USA).
The clinical characteristics, oral cancer site, and lesion measure-
ments from OSCC patients were recorded. The spectroscopic mea-
surements were carried out at the border of the lesion; superﬁcial
heterogeneities, as erythroplakia, leukoplasia or granulomatous
region, were identiﬁed and representative regions were chosen to
correlate with different clinical patterns; necrotic areas were
Table 1
Clinicopathological characteristics of the individuals.
Characteristic Options Number Percentage (%)
Tobacco consumption
OSCC Yes 17 60.7
No 11 39.3
Normal Yes 9 32.2
No 19 67.8
Alcohol consumption
OSCC Yes 19 67.8
No 9 32.2
Normal Yes 15 53.6
No 13 46.4
Clinical tumor status Tis 2 7.1
T1 1 3.6
T2 9 32.1
T3 12 42.9
T4 4 14.3
Site Border of the tongue 10 35.8
Floor of the mouth 4 14.3
Retromolar 4 14.3
Buccal mucosa 3 10.7
Labial mucosa 3 10.7
Hard palate 2 7.1
Gingiva 2 7.1
Pathological degree In situ 2 7.1
I 3 10.7
II 15 53.6
III 8 28.6
Table 2
Comparison of means between NB and each N1, N2, N3, N4 e N5 and B1, B2, B3, B4 e
B5 in anatomical site ﬂoor of the mouth (n = 4 cases).
Variable Mean Standard deviation p-value
Nb 50189.67 9644.14
N1 38167.67 27342.01 0.418
N2 37028.33 25394.99 0.350
N3 37512.00 26221.05 0.379
N4 37185.00 26232.37 0.371
N5 32956.00 23807.27 0.212
B1 32640.33 29456.1
B2 31482.00 30621.48 0.423
B3 31948.67 30141.33 0.422
B4 31702.33 34152.08 0.366
B5 29741.22 33677.89 0.656
p-value obtained by paired t Student test.
Table 2 shows the mean comparison between NB and each measures of N of the
ﬂoor of the mouth. There are not statistical signiﬁcance difference between the
mean of the NB and each N.
Also no difference was observed for B1 and the other Bs.
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avoided. At least ﬁve spectroscopic measurements were performed
in each chosen area at a wavelength of 406 nm. Surgical margins
were analyzed in a concentric manner in clockwise direction (3,
6, 9 and 12 o’clock). Whenever possible, all subjects with OSCC
had at least one border of the lesion and the surgical margin ana-
lyzed in the same anatomical site.
A 3 mm punch biopsy was performed in OSCC patients at the
time of surgery. All biopsies were performed on sites that had spec-
troscopic measurements taken according to the heterogeneity of
the border of the lesion, and in the four margin points more distant
of the tumor, always in the cases with the corresponding anatom-
ical site of the tumor border and margin. The specimens were
placed in plastic vials containing 10% formalin for later processing.
The spectra collected were analyzed according to the different
tumor site locations and the spectra of the altered tissue injury
compared to that of normal tissue and surgical margins. The results
of the spectra were correlated with the histopathological diagnosis
and we conducted a descriptive analyzes to better discriminate be-
tween normal tissue and neoplastic tissue.
The spectral processing was performed using MATLAB. An algo-
rithm was developed to import the data from the data sheet. Some
spectral data were excluded due to saturated emission intensity
and/or detected outliers. All data from the dorsum of the tongue
were excluded due to variable ﬂuorescence emission, mainly
resulting from the presence of porphyrins produced by bacteria
present in this region, even after oral asepsis. This fact not ob-
served in other anatomical sites evaluated.
The groups proposed for classiﬁcation of spectra were: normal
(N), squamous cell carcinoma (B), and surgical margins (M). The
measures of the margins were numbered, in ascending order of
the 1–5, moving away from the tumor, as from the border of the
lesion until surgical margin determined clinically free of disease
(Fig. 1). First, an overall assessment was performed regardless of
oral tumor site. Then, a subsequent analysis was performed
according to group and anatomical site.
It was observed that some spectra presented a high ratio be-
tween peaks around 495 nm and 515 nm. A MATLAB algorithm
was written to calculate this ratio for spectra from each group
(Normal, Border, and Margins) in each anatomical site, according
to the following equation and diagram (Fig. 2): Areas 1 and 2 were
randomly chosen within the total area most representatives of the
spectra.
R ¼ A1
A2
¼
R 501
491 IdkR 521
511 Idk
The boxplot was used for data visualization. Brieﬂy, this type of
graph is used in descriptive statistics for side-by-side visualization
of data from different experiments or distinct groups in same
experiment. In this paper, we used box plot to observe the differ-
ences between normal group (N), border of lesion (B), and margins
(M1 to M5). The whiskers extend to the most variable data point,
and the outliers are plotted individually as asterisks.
Table 3
Comparison of means between NB and each N1, N2, N3, N4 e N5 and B1, B2, B3, B4 e
B5 in anatomical site border of the tongue (n = 10 cases).
Variable Mean Standard deviation p-value
Nb 83803.89 22504.67
N1 53472.67 9960.63 0.110
N2 52624.22 10250.91 0.116
N3 51831.33 10628.39 0.122
N4 61305.89 18415.09 0.215
N5 61778.11 18202.44 0.214
B1 44599.73 17171.81
B2 44532.38 17744.42 0.979
B3 44552.73 17752.12 0.986
B4 38297.83 16045.12 0.472
B5 39053.26 15781.38 0.544
p-value obtained by paired t Student test.
Table 3 shows the mean comparison between NB and each measures of N in border
of the tongue. There are not statistical signiﬁcance difference between the mean of
the NB and each N.
Also no difference was observed for B1 and the other Bs.
Table 4
Comparison of means between NB and each N1, N2, N3, N4 e N5 and B1, B2, B3, B4 e
B5 in anatomical site retromolar (n = 4 cases).
Variable Mean Standard deviation p-value
Nb 64803.79 12504.31
N1 63725.77 10196.64 0.412
N2 52624.23 10261.97 0.316
N3 59431.36 10783.47 0.223
N4 63105.89 14435.23 0.226
N5 64678.17 14902.55 0.216
B1 54576.79 18541.93
B2 52539.36 22784.45 0.875
B3 52551.81 23252.99 0.886
B4 53295.29 23046.18 0.573
B5 53604.22 25719.33 0.415
p-value obtained by paired t Student test.
Table 4 shows the mean comparison between NB and each measures of N in ret-
romolar area. There are not statistical signiﬁcance difference between the mean of
the NB and each N.
Also no difference was observed for B1 and the other Bs.
Fig. 1. Measures of the margins, moving away from the tumor, as from the border
of the lesion until surgical margin determined clinically free of disease.
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Fig. 2. The ratio parameter was calculated according to the above diagram.
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Results
In this study, we found that the most affected oral site was the
border of the tongue (BOT) with 10 lesions (35.7%) followed by the
ﬂoor of the mouth (FOM) and retromolar region (RM), with four
cases (14.3%) each. The predominant pathology was invasive carci-
noma (25 cases, 89.3%), and grade 2 tumors were the most preva-
lent ones (15 cases, 53.6%). There were 12 T3 (42.8%), nine T2
(32.1%), and four T4 cases (14.3%), and of these, 11 (39.3%) patients
had positive neck lymph nodes (Table 1).
A total of 1024 spectra at 406 nm excitation were evaluated:
610 spectra of normal mucosa from healthy volunteers, 214 spec-
tra of tumor margins from OSCC lesions, and 200 spectra of (clini-
cally normal) surgical margins from OSCC lesions.
In healthy volunteers, oral mucosa at gingiva, BOT, and FOM
showed low spectra intensity at 406 nm excitation. The tongue
and FOM are highly vascularized tissues, and hemoglobin is the
main absorber component, whereas the oxyhemoglobin and met-
hemoglobin have their absorption regions in the wavelength of
540 nm and 630 nm, respectively. The spectra of normal mucosa
from healthy volunteers followed a similar pattern in each oral site
variation that could be observed was the emission intensities. In
the cytology analysis all cells were free of malignant changes could
include keratosis, hyperplasia and inﬂammation cells as long as
there was no dysplasia or carcinoma cells.
The cancer interrogation sites collected were in the clinically
detected borders. The central region of the lesions was not interro-
gated to avoid necrotic tissue commonly present at ulcerated
tumors.
Initially, the spectral analysis was based on qualitative differ-
ences between spectra of the border of OSCC tumors, surgical mar-
gins, and/or normal mucosa at the same anatomical site. In general,
the margins of the tumor showed ﬂuorescence emission patterns
ranging from the tumor border to normal mucosa. All surgical mar-
gins microscopically examined resulted in free disease tissues,
with some changes such as the presence of inﬂammation, hyper-
plasia, acanthosis and/or mild dysplasia.
Of the 28 subjects with OSCC that had been operated on,
three patients exhibited two-year local recurrence, and only
two of them exhibited local recurrence where ﬂuorescence mea-
surements were taken. The spectra were investigated in each pa-
tient to check if there were detectable changes in the
ﬂuorescence pattern. Two patterns were observed in margins
clinically deﬁned as normal. The spectra of the anterior margins
were qualitatively similar to the spectra of normal mucosa
whereas the spectra of the posterior margins were more similar
to the spectra of the border of the tumor. We also observed
changes in the red region (600–650 nm) of posterior margins
and lesions (Figs. 3 and 4). In pathological reviewing was not ob-
served some data of tissue change that justiﬁes tumor recur-
rence in these two cases.
Spectral analysis could not be performed in samples from the
third individual with local recurrence in the hard palate because
there was no ﬂuorescence interrogation in the same area of recur-
rence. In this case, no margins were taken from the hard palate in
the primary resected tumor.
The qualitative analysis of the spectra showedmajor differences
between the border of the cancerous lesion and normal mucosa
and surgical margins.
The box plot in Fig. 5 shows a clear differentiation in the ratio of
spectra between B and N to M. For instance, there were differences
in spectra in border of the tongue between B and N and M, but no
difference between M and N or N and M5 measurements
(p = 0.276) (Fig. 5C). Conversely, there were no differences between
equidistant points M1, M2, M3, M4 and M5.
After normalization by the maximum, mean of the degree of
similarity of the spectra were calculated for each patient compared
with a volunteer, in each anatomical site, using the comparison by
calculating the Euclidean distance. The graph in Fig. 6 is the calcu-
lations similarity between the spectra of B and N, n1, n2, n3, n4 and
n5 are the calculations between N and M, B1, B2, B3, B4 and B5 are
the calculations between spectra M and C.
It was expected that the values of n series were lower and b val-
ues were higher, but this was not observed in all patients, which
can be justiﬁed by the presence of subclinical changes in the oral
mucosa of surgical margins.
Global survival of patients with T1–T2 and T3–T4 stage tumors
after two-year follow-up was 91% and 78%, respectively, and spe-
ciﬁc disease-free survival after 2 years was 91.7% for T1–T2 and
66% for T3–T4 stages. In addition, individuals under primary treat-
ment for lymph node metastasis had 44.5% of speciﬁc disease-free
survival after 2 years (p = 0.008).
Of the 28 cases, six (21.4%) cases had recurrence within 2 years,
three (10.7%) cases had local recurrence speciﬁcally in the primary
site, and the other three cases were lymph node or distant metas-
tasis. In all three cases of local recurrence, ﬂuorescence had previ-
ously identiﬁed spectra that were similar to the primary tumor
(Fig. 7). The two recurrent cases had grade II OSCC and free surgical
margins of tumor in the primary surgery.
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Fig. 3. Qualitative analysis of spectra of the border of the tongue from subject 1,
who had local recurrence in the posterior limit.
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Fig. 4. Qualitative analysis of spectra of the border of the tongue from subject 2,
who had local recurrence in the posterior margin.
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Discussion
The deﬁnition of surgical margins is a critical step in radical sur-
gery for OSCC because there is no consensus on the surgical exten-
sion, which strongly depends on surgeon’s and pathologist’s
decisions [4]. Ideally, the deﬁnition of safety margin resection
should consider several factors about the tumor and oral site,
and the three-dimensional aspects of tumor extension and patho-
logical factors such as the pattern of invasion should be analyzed
[8,15,16].
Frozen section of surgical margins is an accepted practice in
OSCC surgery and a pathological method for providing rapid
Fig. 5. Box plots of the ratio of spectra mensuration in normal mucosa (N), border of lesion (B) and surgical margins (M) of the different anatomical sites. A – Floor of the
mouth; B – buccal mucosa; C – border of the tongue; and D – lip.
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Fig. 6. Analysis of degree of similarity of three patients with OSCC in ﬂoor of the
mouth.
Fig. 7. Box plot with recurrence patients highlighted.
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consultation during surgery [9]. The accuracy of frozen section
diagnosis is very close to the ﬁnal diagnosis (>90%) and the useful-
ness of the procedure is well established [10,17]. The report of neg-
ative surgical margins is a prognostic factor of extreme importance.
The retreatment for positive margins after initial surgery is an
effective form of treatment, but it is undesirable, and often not pos-
sible. Moreover, frozen sections are high priority, costly procedures
that require multiple well-trained professionals [10]. In this study,
all cases had surgical margins frozen and their pathology reports
were free of neoplasia.
Evidence suggests that an occult disease often extends beyond
the extent of the visible tumor and is responsible for the high rate
of recurrence of carcinoma at the primary site (10–30%) [18].
There is great need to develop new approaches that can be easily
used in clinical practice to facilitate detection of this ﬁeld cancer-
ization, and optical techniques represent an attractive tool to
assess tissue changes [11,19–21]. These optical techniques are
advantageous due to their fast response and use of noninvasive
and in situ interrogation. Moreover, patient investigation can usu-
ally be performed in preoperative and intraoperative settings for
better delineation of tissue changes. This study did not aim to
exclude the conventional procedure of frozen section and
pathologic evaluation, but test the ﬂuorescence spectroscopy as
an auxiliary tool for better delineation of surgical margins in situ
in an attempt to prevent a rapprochement.
Some studies have shown an association between the loss of
ﬂuorescence cancer development and in normal tissues corrobo-
rating with the present study. For instance, direct ﬂuorescence
visualization has been used in different tissues and organs and suc-
cessfully distinguished premalignant and malignant lesions that
cannot be detected by naked eye [22–26]. In our study, spectros-
copy satisfactorily discriminated normal tissue and slightly altered
mucosa from cancerous lesions. However, discrimination between
normal and altered mucosa showed low accuracy.
Several studies have demonstrated that the analysis of the light/
tissue interaction can result in the discrimination of changes in tis-
sue structure and metabolic activity such as the breakdown of the
collagen matrix and the change in concentration of nicotinamide
adenine dinucleotide in its reduced form (NADH), tryptophan,
tyrosine, phenylalanine, and ﬂavin adenine dinucleotide (FAD)
[27–30]. In addition, some of the epithelium of the oral cavity is
covered with a layer of keratin, which scatters some of the incom-
ing excitation light and reduces its penetration depth, a fact con-
ﬁrmed in our study. It has also been shown that collagenase
enzymes responsible for the degradation of collagen are usually
present in tissue areas undergoing signiﬁcant architectural
changes, resulting in the observed changes in NADH and collagen
contributions to the tissue ﬂuorescence spectrum with progression
of disease [31].
In an in vitro study, Ingrams et al. showed that the differences
between normal and abnormal mucosa were most marked at
410 nm excitation and observed increased ﬂuorescence above
600 nm in the dysplastic tissue comparable to histopathology
[11]. Similarly, Gillenwater et al. used autoﬂuorescence at neoplas-
tic and non-neoplastic oral mucosa and showed that the altera-
tions in areas of disease were seen more in the ratio of 600 nm
to 455–490 nm [32]. Different from our study that uses the tech-
nique of ﬂuorescence spectroscopy for in situ evaluation, but also
resulted in higher uptake of changes in the ratio of 450–600 nm.
De Veld et al. and Richards-Kortum et al. reported that several
studies using autoﬂuorescence spectroscopy and imaging success-
fully distinguished normal and altered oral mucosa (dysplasia and
cancer). Thus, autoﬂuorescence spectroscopy and imaging are
helpful in diagnosis of lesions of the oral mucosa and has shown
great promise for enhancing visualization of neoplastic areas.
These studies assessed the limits of the lesions is clinically visible
or not, however, few studies have evaluated the surgical margins of
cancer lesions of the oral cavity [33,34], be a difference in our
study.
The decision on the length of clinically normal tissue that
should be removed beyond the tumor is highly controversial. Typ-
ically, surgeons arbitrarily remove 10 mm or more of normal
mucosal margin if anatomically feasible. However, this approach
does not completely remove all the abnormal tissue in all individ-
uals. Poh et al. and Svistun et al. showed that most tumors have
occult changes and that the width for subclinical extension ranges
between 4 and 25 mm, often extending in at least one direction by
over 10 mm with some potentially malignant disorder, thus
increasing the chance of tumor recurrence [21,23]. In this study,
all surgical margins were clinically normal and had negative
results for malignancy, but subclinical alterations showed mild
spectral changes conﬁrming the need for further investigation at
the molecular level.
Fluorescence techniques are advantageous over frozen section
histopathology because they are noninvasive and provide informa-
tion on microscopic diagnosis and lesion margins. In fact, some
studies using ﬂuorescence techniques have reported high sensitiv-
ity and speciﬁcity in the diagnosis of dysplasia and invasive carci-
noma during surgery [4,21,36]. In study of Poh et al. conﬁrmed that
the development of new optical techniques that enable us to visu-
alize spectral alterations associated with oral cancer could add a
further dimension to these developing paradigms regarding the
concept of cancer/risk ﬁeld [21].
Poh et al. had great results with the protocol of optically-guided
approach for oral lesions surgical and has demonstrated interest in
continuing the study doing a follow-up of individuals monitoring
the changes in the mucosa in surgery sites both in the clinical eval-
uation and by ﬂuorescence [35]. The risk of recurrence or develop-
ment of a new primary tumor warrant long-term follow-up for all
patients treated for cancer of the oral cavity, and regular monitor-
ing is indicated for a minimum 5 years. Finally, high-risk patients
should be monitored more frequently than low-risk ones [1,8,37].
We continue doing clinical follow-up of the subjects of the re-
search, as well as other hospital patients, and until the present mo-
ment only two cases recurred. Find difﬁculty making the following
ﬂuorescence seen that cases who received radiotherapy had chan-
ged spectra when compared with individuals without radiotherapy
and ﬂuorescence exams performed in surgery.
Conclusion
Our results demonstrate the potential of the system to detect
tissue changes. Fluorescence spectroscopy is a noninvasive method
that must be further explored as a tool for detection of surgical
margins. The accuracy of this technique for the detection of posi-
tive margins and ﬁeld cancerization should be investigated in a
large number of patients.
Conﬂict of interest statement
None declared.
Acknowledgments
The authors thank FAPESP (CEPOF-CEPID Program, proc. no 98/
14270-8, aid research proc. no 07/57126-5 and no 11/10802-1),
CNPq (proc. no 477439/2007-1 and ALNF scholarship no 140493/
2011-5), and INCITO for ﬁnancial support.
598 A.L.N. Francisco et al. / Oral Oncology 50 (2014) 593–599
References
[1] Genden EM, Ferlito A, Silver CE, Takes RP, Suárez C, Owen RP, et al.
Contemporary management of cancer of the oral cavity. Eur Arch
Otorhinolaryngol 2010;267:1001–17.
[2] Jerjes W, Upile T, Petrie A, Riskalla A, Hamdoon Z, Vourvachis M, et al.
Clinicopathological parameters, recurrence, locoregional and distant
metastasis in 115 T1–T2 oral squamous cell carcinoma patients. Head Neck
Oncol 2010 April 20:2–9.
[3] El-Husseiny G et al. Squamous cell carcinoma of the oral tongue: an analysis of
prognostic factors. Br J Oral Maxillofac Surg 2000;38:193–9.
[4] Hinni ML Ferlito A, Brandwein-Gensler MS, Takes RP, Silver CE, Westra WH,
Seethala RR, et al. Surgical margins in head and neck câncer: a contemporary
review. Head and Neck 2012.
[5] Looser KG, Shah JP, Strong EW. The signiﬁcance of ‘‘positive’’ margins in
surgically resected epidermoid carcinomas. Head Neck Surg 1978;1:107–11.
[6] Batsakis JG. Surgical excision margins: a pathologist’s perspective. Adv Anat
Pathol 1999;6:140–8.
[7] Meier JD, Oliver DA, Varvares MA. Surgical Margin determination in head and
neck oncology: current clinical pratice. The results of an international
american head and neck society member survey. Head Neck 2005;27:952–8.
[8] Kademani D, Bell RB, Bagheri S, et al. Prognostic factors in intraoral squamous
cell carcinoma: the inﬂuence of histologic grade. J Oral Maxilofac Surg
2005;63:1599–605.
[9] Wick MR, Mills SE. Evaluation of margins in anatomic pathology: technical,
conceptual and clinical considerations. Semin Diagn Pathol 2002;19:207–18.
[10] Black C, Marotti J, Zarovnaya E, Paydarfar J. Critical evaluation of frozen section
margins in head and neck cancer resections. Cancer 2006;107. 2792–800.
[11] Ingrams DR, Dhingra JK, Roy K, Perrault Jr DF, Bottrill ID, Kabani S, et al.
Autoﬂuorescence characteristics of oral mucosa. Head Neck
1997;19(1):27–32.
[12] de Veld DCG, Skurichina M, Witjes MJH, Duin RPW, Sterenborg DJCM, Star
WM. Autoﬂuorescence characteristcis of healthy oral mucosa at different
anatomical sites. Lasers Surg Med 2003;32:367–76.
[13] Pavlova I, Weber CR, Schwarz RA, Williams M, Gillenwater A, Richards-Kortum
R. Fluorescence spectroscopy of oral tissue: monte carlo modeling with site-
speciﬁc tissue properties. J Biomed Opt 2009;14(1):014009.
[14] Pavlova I, Williams M, El-Naggar A, Richards-Kortum R, Gillenwater A.
Understanding the biological basis of autoﬂuorescence imaging for oral
cancer detection: high-resolution ﬂuorescence microscopy in viable tissue.
Clin Cancer Res 2008;14:2396–404.
[15] Beitler JJ, Smith RV, Silver CE, et al. Close or positive margins after surgical
resection for the head and neck câncer patient: the addition of brachytherapy
improves local control. Int J Radiat Oncol Biol Phys 1998;40(2):313–7.
[16] Sparano A, Weinstein G, Chalian A, Yodul M, Weber R. Multivariate predictors
of occult neck metastasis in early oral tongue cancer. Otolaryngol Head Neck
Surg 2004;131:472–6.
[17] Zarbo RJ, Hoffman GG, Howanitz PJ. Interinstitutional comparison of frozen
section consultation. Arch Pathol Lab Med 1991;115:1187–94.
[18] Leemans CR, Tiwari R, Nauta JJ, van der Waal I, Snow GB. Recurrence at the
primary site in head and neck cancer and the signiﬁcance of neck lymph node
metastases as a prognostic factor. Cancer 1994;73:187–90.
[19] Lam S, MacAulay C, Hung J, LeRiche J, Proﬁo AE, Palcic B. Detection of dysplasia
and carcinoma in situ with a lung imaging ﬂuorescence endoscope device. J
Thorac Cardiovasc Surg 1993;105:1035–40.
[20] Ramanujam N, Mitchell MF, Mahadevan A, et al. In vivo diagnosis of cervical
intraepithelial neoplasia using 337-nm-excited laser-induced ﬂuorescence.
Proc Natl Acad Sci USA 1994;91:10193–7.
[21] Poh CF, Zhang L, Anderson DW, Durham JS, Williams PM, Priddy RW, et al.
Fluorescence visualization detection of ﬁeld alterations in tumor margins of
oral cancer patients. Clin Cancer Res 2006 November 15;12(22):6716–22.
[22] Gillenwater A, Jacob R, Ganeshappa R, Kemp B, El-Naggar AK, Palmer L, et al.
Noninvasive diagnosis of oral neoplasia based on ﬂuorescence spectroscopy
and native tissue autoﬂuorescence. Arch Otolaryngol Head Neck Surg
1998;124:1251–8.
[23] Svistun E, Alizadeh-Naderi R, El-Naggar A, Jacob R, Gillenwater A, Richards-
Kortum R. Vision enhancement system for detection of oral cavity neoplasia
based on autoﬂuorescence. Head Neck 2004;26:205–15.
[24] Meyer LE, Lademann J. Application of laser spectroscopic methods for in vivo
diagnostics in dermatology. Laser Phys Lett 2007;4:754–60.
[25] AlSalhi MS, Masilamani V, Atif M, Farhat K, Rabah D, Al Turki MR. Fluorescence
spectra of benign and malignant prostate tissues. Laser Phys Lett
2012;9:631–5.
[26] Poh CF, Ng SP, Williams PM, et al. Direct ﬂuorescence visualization of clinically
occult high-risk oral premalignant disease using a simple hand-held device.
Head Neck 2006 September 18. on-line publication.
[27] Ganesan S, Sacks PG, Yang Y, Katz A, Al-Rawi M, Savage HE, et al. Native
ﬂuorescence spectroscopy of normal and malignant epithelial cells. Cancer
Biochem Biophys 1998;16:365–73.
[28] Schantz SP, Kolli V, Savage HE, et al. In vivo native cellular ﬂuorescence and
histological characteristics of head and neck cancer. Clin Cancer Res
1998;4:1177–82.
[29] Chu SC, Hsiao T-CR, Lin JK, Wang C-Y, Chiang HK. Camparison of performance
of linear multivariate analysis methods for normal and dysplasia tissues
differentiation using autoﬂuorescence spectroscopy. IEEE Trans Biomed Eng
2006;53:2265–73.
[30] Swinson B, Jerjes W, El-Maaytah M, Norris P, Hopper C. Optical techniques in
diagnosis of head and neck Malignancy. Oral Oncol 2006;42:221–8.
[31] Badizadegan K, Backman V, Boone CW, Crum CP, Dasari RR, Georgakoudi I,
et al. Spectroscopic diagnosis and imaging of invisible pre-cancer. Faraday
Discuss 2004;126:265–79.
[32] Gillenwater A, Jacob R, Richards-Kortum R. Fluorescence spectroscopy; a
technique with potiential to improve the early detection of aerodigestive tract
neoplasia. Head Neck 1998;20(6):556–62.
[33] De Veld DCG, Witjes MJH, Sterenborgb HJCM, Roodenburg JLN. The status of
in vivo autoﬂuorescence spectroscopy and imaging for oral oncology. Oral
Oncol 2005;41:117–31.
[34] Roblyer D, Kurachi C, Stepanek V, Williams MD, El-Naggar AK, Lee JJ, et al.
Objective detection and delineation of oral neoplasia using autoﬂuorescence
imagingobjective detection and delineation of oral neoplasia using
autoﬂuorescence imaging. Cancer Prev Res (Phila) 2009 May;2(5):423–31.
[35] Poh CF, Durham JS, Brasher PM, Anderson DW, Berean KW, MacAulay CE, et al.
Canadian Optically-guided approach for Oral Lesions Surgical (COOLS) trial:
study protocol for a randomized controlled trial. BMC Cancer 2011;11:462.
[36] Hughes OR, Stone N, Kraft M, Arens C, Birchall MA. Optical and molecular
techniques to identify tumor margins within the larynx. Head Neck 2010
November;32(11):1544–53.
[37] Dissanayaka WL, Pitiyage G, Kumarasiri PV, Liyanage RL, Dias KD, Tilakaratne
WM. Clinical and histopathologic parameters in survival of oral squamous cell
carcinoma. Oral Surg Oral Med Oral Pathol Oral Radiol 2012
April;113(4):518–25.
A.L.N. Francisco et al. / Oral Oncology 50 (2014) 593–599 599
